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Abstract

Pinus contorta var. murrayana (lodgepole pine) commonly invades mountain
meadows. Studies were made on a wet and a dry meadow in Yosemite National Park,

California, to determine differences in meadow habitat as defined by differences in

composition and cover of herbaceous vegetation, soil characteristics, and physiog-

raphy. Site ordination identified species on sites of decreasing moisture content. In

both fall and spring, P. contorta seeds were sown on both covered and uncovered

plots in each of 1 2 meadow sites. Germination and survival of seeds were measured
for three consecutive years. Invasion of pine was uncommon on both the wetter

meadow, dominated by Aster alpigenus, Carex nebraskensis, and Deschampsia caes-

pitosa, and on the driest sites characterized by Lupinus confertus and Horkelia fusca

subsp. capitata. Most invasion occurred on moderately dry sites dominated by Aster

occidentalis, Trifolium longipes, and Danthonia californica. Differences in germina-

tion from fall and spring seeding were not significant. Depredation by rodents and
birds reduced germination and survival on the uncovered seed plots by approximately

50%.

Pinus contorta Dougl. ex Loud. var. murrayana (Grev. & Balf.)

Engelm. (lodgepole pine) commonly invades mountain meadows in

the Sierra Nevada of California. Invasion is sporadic and the factors

that limit germination and establishment of pine seedlings in mead-
ows are not well understood. The invasion is important in meadow
succession and is of concern to resource managers who are respon-

sible for meadow conservation and management.
Mountain meadows differ substantially in topography, water

availability, and microclimate. These differences occur as within-

and between-meadow variation in timing of snow melt, drainage

patterns, and vegetative cover. These factors probably also influence

the timing and extent of lodgepole pine seedling establishment in

meadows.
Germination of lodgepole pine is abundant in full sunlight, on

bare mineral soil or disturbed duff, in the absence of competing
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vegetation, and with adequate soil moisture (Lotan 1964, Shepperd
and Noble 1976, Lotan and Critchfield in press). Seedling mortality

is associated commonly with high soil surface temperature, drought,

soils with low water-holding capacity, unincorporated organic mat-
ter, and grazing (Cochran 1969, Lotan and Perry 1977, Lotan and
Critchfield in press). Specific sites within meadows that are more
favorable for pine establishment are indicated by the presence of

'outlier' trees. These trees are associated commonly with exposed
rocks, logs, and groups of shrubs (Leonard et al. 1968, 1969) that

are thought to provide higher soil temperature, more favorable soil

texture and drainage, earlier snow melt, and protection from brows-
ing.

This study was designed to contribute to the knowledge of lodge-

pole pine germination and to examine more closely within- and be-

tween-meadow variability in establishment of pine seedlings. Spe-

cific objectives were to determine the extent to which successful

establishment is associated with: 1) availability of seeds and possible

losses over the winter, 2) vegetative cover and soil water content,

and 3) depredation by rodents and birds.

Study Area

Two meadows that had not been grazed recently by range cattle,

one large and wet and the other small and dry, were studied in

California's Yosemite National Park. These meadows are located at

2100m near Glacier Point Road on the trail to Lost Bear Meadow
(Fig. 1). Both meadows are surrounded by lodgepole pine stands,

have vegetated rather than sandy margins, and are montane rather

than subalpine. The larger site (3.37 ha) has topography of type A,

formed in a basin; the smaller site (1.83 ha) is type C, formed along

a permanent stream (Ratliff 1985). The larger meadow ranges from
good to excellent condition, i.e., having no abnormal erosion and
with herbage production near the climatic potential. The smaller

meadow ranges from good to very poor condition. The poorest

conditions occur near the stream channel, which is a continuous

gully 1-2 mdeep where erosion has lowered the water table.

Several study sites (areas that differ in species composition; Ratliff

1982) occur in each meadow. They represent different meadowseries

as defined by their hydrologic and vegetative classifications (Ratliff

1985).

Methods

Study sites. In late summer of 1981, five sites (sites 1-5) on the

large meadowand four (sites 6-9) on the small meadowwere selected

to represent different microenvironments that could influence the
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Fig. 1. Location of study.

success of lodgepole pine seedling establishment. Size and shape of

sites varied with vegetation boundaries, but contained no less than

100 m2
. Because of small floristic differences, sites 2, 6, and 9 were

subdivided for vegetation analysis. Rather than measure topography
and microclimate directly, we evaluated site differences using flo-

ristic characteristics. This approach presumes that frequency and
cover of particular herbaceous species are related to differences among
microenvironments within the meadows, and that different species

and their relative cover influence the capacity of lodgepole pine to

invade meadows.
On each site, species frequencies were estimated using 100 ran-

domly located 10 x 10 cm quadrats. Foliar cover (proportion of

area under live aerial parts) and species composition were estimated

at each seed plot. Site and species ordinations were derived from
these data by reciprocal averaging (Hill 1973).

Soil characteristics near the center of each site were compared by
taking a soil sample from the 1 0-20 cm depth. Samples were ana-

lyzed for: 1) percent sand, silt, and clay (estimated by the hydrometer
method; Bouyoucos 1936); 2) percent organic matter [estimated by
the loss on ignition method (ignition was for 4 hr at 600°C), Nelson
and Sommers 1982]; 3) pH (estimated by the soil-water paste meth-
od with ionanalyzer; McLean 1982); and 4) bulk density at 0-10 cm
and 10-20 cm depths [estimated by the cylinder (known volume)
method, Cook and Stubbendieck 1986].

Soil depth to consolidated material was estimated using a probe,

and depth to the water table was determined prior to fall precipi-

tation in October 1983.

Seed plots. Ten replications of both uncovered and covered 0.

1
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m2 plots containing approximately 50 seeds were established on each
of the 12 sites in the fall of 1981 and again in the spring of 1982.

Seeds were obtained from cones collected in 1981 from trees in an
adjacent area. Seeds sown in the fall were unstratified. Spring sowing
after snow melt utilized stratified seeds (soaked one day, held at

1 .5°C in plastic bags for 28 days, sown wet; USDA1974) to simulate

the treatment that seeds receive as they overwinter on the meadows.
Covers were made from 1.3-cm-mesh wire screen.

The number of seedlings in each plot was counted four times

during the growing season in 1982, and also at the end of summer
in both 1983 and 1984. Tests for significance of differences between
mean survival at the end of three growing seasons were made using

the Kruskal-Wallis non-parametric test for differences in means of

ranked data grouped by single classification (Conover 1980). All

plant nomenclature follows Munz (1959).

Results

Vegetation

Twenty-three herbaceous species were found on both meadows;
an additional 27 species occurred only on the large meadow and an
additional 20 occurred only on the small meadow. Species with

frequencies of 20% or more on at least two sites were used for

vegetation analyses. The single axis reciprocal averaging ordinations

of species frequency and composition data described similar arrays

of herbaceous species on sites of decreasing moisture content. Con-
sequently, species composition of the seed plots adequately defined

the microenvironments of each site (Table 1).

Species most representative of wetter conditions (sites 4, 3, 5)

were Aster alpigenus, Car ex nebraskensis, C. rostrata, Deschampsia
caespitosa, Juncus orthophyllus, and Phalacroseris bolanderi (Table

1). The moderately dry sites (sites 2, 6, 7, 1) were characterized by
abundant Aster occidentalis, Danthonia californica, and Trifolium

longipes. Species most representative of dry conditions (sites 8, 9)

were Horkelia fusca subsp. capitata, Lupinus confertus, and Penste-

mon rydbergii.

Soils

Ordination of the sites from wettest to driest generally reflected

increasing depths to the water table (Table 2). This shows a close

relationship between species frequency, composition, and soil water

availability. Also, with the gradient from wet to dry sites, organic

matter decreased, and both bulk density (0-10 cmdepth) and acidity

increased. Soil textures and depths showed no apparent relationship

to the moisture gradient.
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Table 3. The Number of Surviving Lodgepole Pine Seedlings per Seed Plot
at the End of the Third Growing Season after Sowing 50 Sound Seed per

Plot. Site ordination corresponds to a decreasing soil moisture gradient (left to right)

shown in Table 1.

Site

4 3 5 2 6 7 1 8 9 Mean

Fall-sown: covered 0 0 0.4 5.6 3.1 29.5 0.0 10.7 0.1 5.48

uncovered 0 0 0 0.1 0.8 7.3 0.0 3.5 0 1.30

Spring-sown: covered 0 0 0 3.8 1.4 19.6 7.8 8.7 0.3 4.62

uncovered 0 0 0 0.7 1.7 11.2 2.1 3.5 0 2.13

Seed Plots

Fall seeding: covered seeds. On the large meadow, survival during

the first year after sowing on sites 2, 4, and 5 was 20-30% and was
substantially greater than the 2-4% survival on sites 1 and 3 (Fig.

2a). In the second year, survival on all sites except site 2 decreased

rapidly. By year 3, survival on sites 1, 3, and 4 was zero (Table 3).

On site 5, survival of 0.8% was lower (p = 0.10) than the 1 1.2% on
site 2.

On the small meadow, seedling survival at the end of the first year

was generally much higher (72.4, 48.8, 37.4, and 0%, respectively

on sites 7, 8, 6, and 9). In subsequent years, survival decreased until

by year three it was 59.0, 21.4, 6.2, and 0.2%, respectively. Mean
survival on site 7 was significantly greater (p = 0.05) than on sites

8 and 6, and survival on site 8 was greater (p = 0. 10) than on site 6.

Fall seeding: uncovered seeds. On the large meadow at the end of
the first year, survival was 28.0, 15.6, 4.0, 3.6, and 0%, respectively

on sites 4, 5, 3, 2, and 1 (Fig. 3a). By the end of year two, survival

on all sites had become close to zero.

On the small meadow, survival at the end of the first year was
28.0, 18.6, 7.8, and 0%, respectively on sites 6, 7, 8, and 9 (Fig. 3b).

Mean survival on site 7 was greater (p = 0.10) than that on site 8;

however, the means of survival on sites 6 and 7 were not different

at that same level of significance. By the end of year three, survival

was 14.6, 7.0, 1.6, and 0%, respectively on sites 7, 8, 6, and 9. This
ranking of sites was the same as that on the covered seed plots.

Spring seeding: covered seeds. On the large meadow, only sites 1

and 2 were sown because sites 3, 4, and 5 were under water until

late summer. First-year survival on these two sites was 6.8 and
1 1.8%, respectively (Fig. 4). Second-year survival on site 1 increased

to 28.1%, indicating additional germination of seeds on this driest

site in the second year after sowing. At the end of year three, the
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mean survival on plots 1 and 2 was 15.6 and 7.6%, respectively,

and these means were not different (p = 0.10).

On the small meadow, survival at the end of the first year was
47.4, 45.2, 25.4, and 0% on sites 8, 6, 7, and 9, respectively (Fig.

4b). Additional germination of seeds in the second year occurred on
the driest sites 7 and 9. By the end of year three, survival was 38.2,

17.8, 2.8, and 0.7%, respectively in sites 7, 8, 6, and 9. Using p =

0.10 as a test of significance, the means of survival on sites 6 and

8, and on sites 7 and 8, were different, but means of survival on
sites 6 and 9 were not.

Spring seeding: uncovered seeds. On the large meadow, the extent

and pattern of survival were similar to those in the covered spots

(Fig. 5a), but survival at the end of the third year was only 4.2% on
site 1 and 1.4% on site 2, respectively; the difference between these

means was not significant (p = 0.10).

On the small meadow, survival at the end of the first year on sites

6, 8, 7, and 9 was 18.0, 16.4, 14.0, and 0%, respectively (Fig. 5b).

Sites 7 and 9 showed additional germination during the second year

after sowing. By the end of year three, survival was 22.4, 7.0, 3.4,

and 0% for plots 7, 8, 6, and 9, respectively. The difference between
mean survival on sites 7 and 8 was significant (p = 0.05), whereas

that between sites 6 and 8 was not.

Discussion

Seed availability. Direct seeding of lodgepole pine showed that

pine establishment in meadows is associated less with seed avail-

ability than with meadow type. On the wetter meadow, applying

seeds in the fall to simulate natural seed fall showed that, despite

abundant seeds, no seedlings survived through the second year (Fig.

3). On the drier meadow, up to 14% survival by the end of the third

year indicates that invasion of this meadow type is much more likely

(Fig. 3). Generally, for each meadow site, differences in survival

between seeding in the fall and spring (Figs. 2 and 4; Figs. 3 and 5)

were non-significant. This suggests that overwinter decreases in ger-

minability and physical movement of seed off the site by melting

snow are not important factors in the establishment of lodgepole

pine.

Depredation. The similarity of pine seedling survival in covered

Fig. 2. Survival of lodgepole pine seedlings on fall-seeded, covered plots on sites

1-9 for the large and small meadows. Bars indicate standard errors of means; letters

indicate months.
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FALL SEEDING -- UNCOVEREDSEED PLOTS
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Fig. 3. Survival of lodgepole pine seedlings on fall-seeded, uncovered plots on
sites 1-9 on the large and small meadows. Bars indicate standard errors of means;
letters indicate months.

and uncovered fall-seeded plots on the large meadow (except for the

drier site 2) (Figs. 2 and 3) suggests that depredation by rodents and
birds on wet sites is unimportant. Covered, spring-seeded plots on
the large meadow, however, had approximately twice the survival

of the corresponding uncovered plots at each measurement date

(Figs. 4 and 5).

Depredation was most apparent on the drier small meadowwhere
germination and survival on uncovered fall-seeded plots were re-

duced by approximately 50% (Figs. 2 and 3). The effect of covering

seeds and seedlings was less apparent on spring-seeded plots, with
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SPRING SEEDING --COVERED SEED PLOTS
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Fig. 4. Survival of lodgepole pine seedlings on spring-seeded, covered plots on
sites 1-9 on the large and small meadows. Bars indicate standard errors of means;
letters indicate months.



88 MADRONO [Vol. 34

SPRING SEEDING UNCOVEREDSEED PLOTS
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Fig. 5. Survival of lodgepole pine seedlings on spring-seeded, uncovered plots on
sites 1-9 on the large and small meadows. Bars indicate standard errors of means;
letters indicate months.

the notable exceptions of site 7 where seeds were sown on soil bare

from gopher activity, and of site 8 that had only 30% foliar cover

(Figs. 4 and 5). The greater survival of seedlings on the small meadow
corresponds with its having a much larger number of previously-

established outlier lodgepole pine trees.

Increased number of seedlings in the second year on the drier

spring-seeded plots, 1, 7, and 9, may be associated with possible

delayed germination of some seeds. This increase of approximately
8-25 seedlings per 0.1 m2 plot probably is too large to be explained

entirely by additional naturally-dispersed seeds. No new seedlings

were observed adjacent to the plots.
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Meadow type. Differences in frequency and cover of herbaceous

species across meadows reflect differences in moisture regimes and
potential for pine invasion. High potential occurs on moderately dry

sites. These sites are usually too wet early in the year for much seed

and seedling depredation. Later, these sites are not saturated but

remain moist, which improves chances for establishment. Low po-

tential occurs in the wettest and driest sites where either continuous

saturation or moisture stress tends to prevent establishment.
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ANNOUNCEMENT
WomenBotanists Recount Career Hardships and Highlights

Three womenbotanists describe the highlights of their careers as herbarium
curators, collectors of native and ornamental plants, and conservationists of

flora and habitat in this initial volume of a new series of oral histories on
California Womenin Botany. Produced by the University of California's Re-
gional Oral History Office, the volume challenges the traditional view of botany
as the pastime for the "weaker sex."

The vivid tales of UCHerbarium botanist Annetta Carter, describing col-

lecting trips to Baja California with the eighty-year-old Annie Alexander, attest

to the hardships and joys of life in the field. Owens Valley botanist Mary
DeDecker's recounting of her battles to protect the fragile habitat of her beloved

desert plants reflects great strength of purpose and fearless, informed persis-

tence. Elizabeth McClintock's dedicated work for the California Academy of

Sciences herbarium reveals a third aspect of the many contributions of Cali-

fornia women botanists.

California Womenin Botany is available for study at The Bancroft Library,

UC Berkeley, and at the UCLA Library Department of Special Collections.

The volume may be purchased from Friends of the Bancroft Library, Regional

Oral History Office, Univ. of California, Berkeley 94720. Price: $45.00.


